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Abstract: The Brazilian Pantanal wetland undergoes landscape alterations that can cause impacts on hydrological processes,
changing the flood pulse. The objective of this work is to analyse the vegetation cover of the Pantanal in the period of
2000, 2008 and 2015, and to make a projection for 2030. Therefore, NDVI from the sensor MODIS was analysed and
the transition matrix was calculated by the DINAMICA EGO. The methods adopted were open sources. The results
were worrisome, indicating alterations of the vegetation cover of the Pantanal, with an increase of short vegetation
(grasslands or pastures) in the evaluated period. The projection pointed out that in 2030 the Brazilian Pantanal wetland
area will be covered by 78% of short vegetation and only 14% of dense (arboreal-shrubby) vegetation. The approach
can be a useful tool for conservation of the Brazilian Pantanal wetland.
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Mudancas na cobertura da vegetacio do Pantanal dectadas por indice de Vegetacio:
uma estratégia de conservaciao

Resumo: O Pantanal brasileiro sofre alteragdes em sua paisagem que podem provocar impactos sobre 0s processos
hidrologicos, afetando os pulsos de inundag@o. O objetivo do trabalho ¢ analisar a cobertura vegetal do Pantanal no
periodo de 2000, 2008 e 2015 e realizar a projecao quantitativa para 2030. Portanto, foram analisados dados NDVI do
sensor MODIS e a analise da matriz de transigao foi calculada pelo DINAMICA EGO. Os métodos utilizados foram
todos em softwares livres. Os resultados foram preocupantes, indicando alteracdo da cobertura vegetal do Pantanal,
com o aumento da vegetagdo rasteira (campos ou pastagens) no periodo avaliado. A proje¢do apontou que em 2030 a
area do Pantanal sera coberta por 78% de vegetacdo rasteira e apenas 14% de vegetacdo densa (arboreo-arbustiva).

A abordagem apresentada pode ser uma ferramenta util para a conservagio do Pantanal.

Palavra-chave: Dinamica EGO, drea umida, geoprocessamento, NDVI, taxa de transigdo.

Introduction

The structure of ecosystems has changed, mostly in the second
half of the 20th century, and mostly all ecosystems were modified by
human actions (Hassan et al. 2005). Therefore, many studies and tools
that contributes to monitor of ecosystems. Thus, creation of production
alternatives towards the valoration of the ecosystems is a strategy for their
preservation (Lovins et al. 1999). Wetlands are important natural areas,
since they provide services as retention of pluvial waters, improvement
of water quality, maintenance of biodiversity, carbon storage and climate
regulation (Hassan et al. 2005).

The Brazilian Pantanal wetland has altitudes between 80 and 190 meters
above sea level, inside the hydrographic basin of the Upper Paraguay
River. Due to its phytogeographic location, the vegetation has elements
of four different domains: the Amazon forest (northwest), the Cerrado
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tropical savanna (east), the Chaco stepic savanna (southwest) and the
Atlantic Forest (Pott & Pott, 2004). It is a complex of floodplains inserted
in a large Quaternary sedimentary lowland filled by deposition of alluvial
fans of various affluents (Hamilton 2012, Assine 2015). For its particular
characteristics, biodiversity and unique landscapes, the Pantanal brings
special environmental interest and has outstanding position in the international
scenario, besides being one of the largest freshwater wetlands on Earth.
Wetlands such as the Pantanal are being converted into anthropized areas
to meet the growing demand for food production (Verhoeven et al. 2010).
Such land use changes have a large impact upon the hydrologic processes,
affecting the energy and water balances, and the flood pulse in the Brazilian
Pantanal wetland (Harris et al. 2006, Goulden et al. 2007; Silva et al. 2011).
The traditional fishing and cattle ranching are being replaced by intensive
models, with deforestation and alteration of natural areas (MMA 2002).
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The analysis and the monitoring of alterations in vegetation cover are
tools that can help to understand the spatial dynamics of the Brazilian Pantanal
wetland and offer relevant information to public and private decision makers,
who could adopt efficient measures through public policies, programs, projects
and others, aiming preservation of the region’s landscape and biodiversity.
However, monitoring those areas is a difficult task, because of the large
size and its difficult access (Pott & Pott 2004). Thus, the use of remote
sensing is essential for monitoring and, consequently, for preservation of
the Brazilian Pantanal wetland. Due to the spectral response characteristics
of the vegetation it is possible to utilize geoprocessing techniques for
its identification and evaluation. An example of such techniques is the
vegetation index. The Normalized Difference Vegetation Index (NDVI) is
widely utilized in the assessment of several biophysical parameters, such
as vegetation coverage, biomass, fraction of the photosynthetically active
radiation and phenological variations (Huete et al. 2002; Prabakaran et al.
2013). Furthermore, it is a classic example of vegetation mapping utilizing
remote sensing, as it deals with the information from the reflectance in the
spectrum range of red and near-infrared wavelengths (Xie et al. 2008).

In this context, our work aims to make a multitemporal analysis of the
vegetation cover of the Brazilian Pantanal wetland in the last 15 years,
and a quantitative projection for 2030.We emphasize, yet, that to carry out
our work, we applied only freely available geotechnologies, to allow the
replication of methods proposed in other periods and regions.

Material and Methods

1. Study Area

The study area is the Brazilian Pantanal wetlend, with an area
of 138,183 Km?, occupying around 40% of the hydrographic basin of the
Upper Paraguay River, located in the states of Mato Grosso and Mato Grosso
do Sul, in Central-West region of Brazil (Silva & Abdon 1998) (figure 1).

2. Normalized Difference Vegetation Index

The Normalized Difference Vegetation Index (NDVI), proposed
by Rouse et al. (1974), is calculated by the difference of the vegetation
reflectances in the near-infrared wavelengths (NIR) and the red wavelengths
(equation 1). This difference is then normalized. For being the result of
the combination of two bands, the NDVI partially covers-up the effects of
atmospheric components and of radiometric and geometric disturbances.
The NDVI value varies from -1 to +1.

NDVI=(NIR - R)/(NIR +R) (1)

where, NIR: Reflectance of the vegetation in the near-infrared wavelength,
and R: Reflectance of the vegetation in the red wavelength.

3. Acquisition of the data base

To perform our work, we obtained images from the sensor MODIS of
the satellite TERRA, product MOD13Q1, quadrants h12v10 and h12v11,
available in a 16-day composite of cloud-free images, spatial resolution
0f 250 m, on the website of the USGS — United States Geological Survey
(https://mrtweb.cr.usgs.gov). Among the available scenes, we chose the
spectral bands of red (R), near-infrared wavelengths infrared (NIR), and
mean infrared (MIR), for elaboration of the false-color compositions, plus
the available NDVI (product MOD13Q1). It is interesting to point out that
the MODIS products include the geometric and radiometric correction
already, which facilitate its utilization. It is also worth mentioning that
such images are capable to cover the whole studied region in a single day,
preventing seasonal and phenological variations (Paranhos-Filho et al. 2014).

The selected dates were August 12, 2000, August 12, 2008 and August
13, 2015 (USGS, 2000; 2008; 2015), corresponding to the Brazilian
Pantanal wetland dry season (from June to September). We performed the
conversion of the projection of the acquired scenes to UTM cartographic
projection, Datum WGS1984, 218 zone.

57°0'W

—— Upper Paraguay river Basin

Pantanal

0 100 200 300 Km

Figure 1. Location of the Brazilian Pantanal plain (in green) inserted in the Upper Paraguay River basin (red limit) (Silva e Abdon, 1998).
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To delimit the vegetation classes, we utilized the vectors of the
“Monitoring of Alterations of the Vegetation Cover and Land Use in the
Hydrographic Basin of the Upper Paraguay — BAP (Brazilian portion)”,
which covers the Pantanal, carried out by the Instituto SOS Pantanal and
by WWF-Brazil (2015). We looked for support from polygons which
would represent the class of interest and did not undergo alteration along
the analyzed period in the above-mentioned study.

4. Analysis of vegetation cover

We separated the vegetation in three different classes to detect the
landscape dynamics: 1) dense vegetation, representing the arboreal/shrubby
vegetation, such as woody and forested savanna, formations with fluvial
influence, like areas with spectral patterns of tall vegetation without signs
of human influence; 2) short vegetation, that indicates the formations
of grassy savanna, grasslands, areas with anthropic activities signs and
native and tame pastures; 3) areas without vegetation like the large water
bodies, wet areas, areas with spectral response of bare soil, characteristic
of agriculture. Those classes were proposed before by Peres et al. (2016).
During the dry season, in August, sandy areas can become overgrazed, with
much exposed soil, while near the Paraguay river the lower areas can still
be under its delayed flooding (Pott & Pott, 2004; Hamilton et al. 2002).

The collection of samples of each class was made by interpreting MODIS
images from 2000, 2008 and 2015, in the RGB false-color composition,
where R — MIR (mean-infrared), G — NIR (near-infrared wavelengths)
and B - R (red), considering elements such as texture, color and pattern
(Abdon et al., 2007), as well as the polygons derived from the Monitoring
of Alterations of the Vegetation Cover and Land Use in the Hydrographic
Basin of the Upper Paraguay — BAP (Brazilian portion) (Instituto SOS
Pantanal and WWF-Brazil, 2015). After the selection of 7 to 10 samples
of each interest class, the samples were overlayed by the NDVI and
cropped to obtain its minimum and maximum values, as well as its range
index. The NDVI values were reclassified according to the intervals

obtained for each encompassed class — the index slicing (Peres et al.
2016). Groupment of the NDVI values in certain intervals were made to
represent the evaluated categories for each studied year to obtain distinct
and independent values regarding its time basis (Benedetti et al. 2013).
All the cited geoprocessing procedures were performed in the open and
free GIS, QGIS 2.8 (QGIS Development Team 2015). This work utilized
Landsat TM and Landsat 8 images with spatial resolution of 30 m, plus
Resource-Sat-1 LISS I1I images, with spatial resolution of 23.5 m in several
temporal compositions, which provides refined samples of vegetation
classes at geographic scale.

We made the calculation of transition matrices between classes with the
simulator Dynamic Environment for Geoprocessing Objects — EGO — (2015),
a free software, which can model various types of data and evaluate
different probabilities of transition with the use of the temporal variable in
any number of steps regarding time with a pre-defined transition rate from
the transition matrix (Soares-Filho et al. 2006, Soares-Filho et al. 2009,
Wang et al. 2016). The calculations were done for the periods 2000-2008,
2008-2015 and 2000-2015, the latter applied in the projection of the changes
between classes for 2030.

The transition rate is one of the keys for modelling, because it determines
each soil cover’s area undergoing alteration (Elz et al. 2015). The modelling
work is a necessary step to verify any possible errors. For that, the values
for the classes are confronted with the ones projected by the transition
matrix, estimating errors in the modelled transition rates.

Results

The result of the multitemporal mapping of the vegetation cover derived
from NDVI slicing, using maximum and minimum digital value for each
class, is shown in figure 2.

The ranges of values utilized in the identification of the classes are
presented in table 1. We pointed out that the maximum and minimum

56°3'17"W 56°3'17"W
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Figure 2. Mapping of the vegetation cover of the Brazilian Pantanal wetland using NDVI recorded in 12/08/2000, 12/08/2008 and 13/08/2015. The darker areas have
the highest index value and represent regions covered by denser vegetation. In green, the areas covered by short vegetation, and in white are areas without vegetation.
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Table 1. Maximum and minimum values of NDVI for each class of vegetation cover for the years 2000, 2008 and 2015 in the Brazilian Pantanal wetland.

2000 2008 2015
Minimum Maximum Minimum Maximum Minimum Maximum
Dense vegetation 0.6028 1 0.5962 1 0.6643 1
Short vegetation 0.4198 0.6027 0.4402 0.5961 0.4429 0.6642
Without vegetation -1 0.4197 0.4401 -1 0.4428

Table 2. Areas (Km?) of conversion between classes of vegetation cover from 2000 to 2008 and from 2008 t02015 in the Brazilian Pantanal wetland.

2000-2008
From/To Dense vegetation Short vegetation Without vegetation
Dense vegetation 11,503 697
Short vegetation 7,448 7,449
Without vegetation 290 3,111
2008-2015
From/To Dense vegetation Short vegetation Without vegetation
Dense vegetation 21,979 313
Short vegetation 1,896 4911
Without vegetation 62 7,654

58% 56%

72%

78%

2000 2008 2015 2030

M Dense vegetation Short vegetation M Without vegetation

Figure 3. Comparison of the classes of vegetation cover mapped in the Brazilian
Pantanal wetland in the years 2000, 2008 and 2015, plus the projection of the
behavior of the classes for the year 2030.

values presented in the table 1 are different, since they were obtained
from images of different years (Peres et al. 2016; Benedetti et al. 2013).

The results allowed the quantification of the classes of vegetation cover
and the comparison between the years 2000, 2008 and 2015, according to
the slicing process (table 1). The calculation of the transition rate of 15 years
from 2000 to 2015 produced the projection for 2030.The comparison
between the area percentage of the vegetation cover classes in the Brazilian
Pantanal wetland is shown in figure 3.

Table 2 shows the value in area (Km?) regarding conversion processes,
reduction and increase between classes, during the period of 2000 to
2008, and 2008 to 2015, derived from the rates of the transition matrices
generated in the software Dinamica EGO.

The calculations indicated the transition rate of dense to short
vegetation and vice-versa of 22.55% and 13%, respectively, in the period
of 2000-2008. In the same period, there was a loss of 1.37% of dense
vegetation to areas without vegetation. The recovery from areas without
vegetation to short vegetation and to dense vegetation was of 47.10% and
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4.40%, respectively. In the period of 2008-2015 the transitions were more
expressive if compared with the previous period. The reduction of areas
of dense to short vegetation was 44.34%, while the recovery from short
to dense vegetation was only 2.46%. The conversion of areas without
vegetation to short vegetation was 67.40%. The analysis of the whole
period, from 2000 to 2015, shows that the most expressive rates are those
of from dense to short vegetation at 4.75% a year and from an area without
vegetation to short vegetation at 6.65% a year. Elz et al. (2015) recommend
a test concerning the error of the calculated rates. The highest difference
found was an underestimation of 3%.

Discussion

The use of geotechnologies allows a holistic analysis in continental
wetlands, bringing practical approaches for control, land planning,
public policies and conservation practices (Elz et al. 2015). Beside those
technologies being used to observe and quantify changes of vegetation
cover, it can also monitor the provision of ecosystem services, and a more
general utilization can cause positive effect on implementing programs
of compensation for ecosystem services, since they provide evidences
of the effective supply of services from the Brazilian Pantanal wetland
(Alston et al. 2013; Schulz et al. 2015).

In the class of areas “without vegetation” the selected intervals presented
values above 0.4 of NDVI for all studied periods, due to the water bodies
presenting a wide variation, so the presence of aquatic vegetation could
have caused this behavior (Andrade et al. 2012). The flood of the Paraguay
River has a delay of 2-3 month in relation to the rainy season, and in
August some western areas may be still flooded (Hamilton et al. 2002).
Furthermore, the areas interpreted as bare soil are also framed as agricultural
areas (Instituto SOS Pantanal & WWF-Brazil 2015), that in August appear
as dry vegetation and exposed soil, what justifies the high values for the
category assessed as without vegetation (Andrade et al. 2012).

Our most striking observation in the Brazilian Pantanal wetland
was the conversion of the class dense vegetation into short vegetation, a
result like the reported by Paranhos et al. (2014) and Peres et al. (2016).
Abdon et al. (2007) pointed out the replacement of native grassland by
cultivated pasture, in addition to loss of high biomass vegetation, what
means alterations of the natural environment. Cardoso et al. (2010) studied
the Brazilian Pantanal wetland sub region Nhecolandia and said that the
conversion of native forest into cultivated pasture and the continuous
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grazing native grassland reduce stocks of organic and microbial carbon
in the soil, notably depleted under older cultivated pastures.

The degradation of the original vegetation in the studied area can
be explained by the new tendencies of economic development towards
more intensive land use, with deforestations and alteration of natural areas
(MMA 2002). Harris et al. (2006) assessed the period of 2000-2004 and
estimated a yearly deforestation rate of 2.3%, concluding that in 2051 the
original vegetation cover of the Brazilian Pantanal wetland would be
completely lost or modified. In their study the suppression projection used
mean geometric growth, Silva et al. (2011) estimated that the vegetation
cover of the Brazilian Pantanal wetland could be totally lost until 2045.

The change of the vegetation cover in the whole study area
(Table 2 and Figure 3) recorded in the period of 2000-2008 points to a
reduction and increase between classes in a more balanced way, as we
estimated that 12200 Km? of dense vegetation were lost, but 7738 Km?
were recovered. The transition of the class without vegetation to dense
vegetation between years is observed in areas where previous limits of
water bodies were covered by vegetation.

The recovery from short to dense vegetation represents a gain of biomass,
probably because of two management systems of cattle ranching: cattle
stays year-round (the most common) or the cattle only stays during the dry
season and it is removed when flooding begins (Pott, 1994), which allows
the recovery of the flooded area. Such management induced changes can be
observed on contrasting sides of fence lines. Furthermore, invasive of woody
plants, e.g., Vochysia divergens, occurred over grasslands, particularly in
the northern part of the Brazilian Pantanal wetland (Junk & Nunes 2012).

During the period 0f2008-2015 the biggest reduction of dense vegetation
occurred, summing up 22292 Km?. Figure 3 shows the evolution of the
short vegetation over the plain, which corroborates numerous studies in the
region (Abdon et al. 2007, MMA 2011, Silva et al. 2011, Paranhos et al.
2014, Peres et al. 2016). In our work the projection of the transition between
classes shows that in 2030 the Brazilian Pantanal wetland will have 78% of
its area covered by short vegetation and only 14% by dense vegetation.
Such information is an additional justification for more conservative
actions on vegetation suppression control in the Brazilian Pantanal wetland.
The decisions made by public managers and other decision makers shall
be directed to design more effective public policies in controlling and
monitoring the Brazilian Pantanal wetland and its basin (Silva et al. 2011).
Therefore, the challenge for conservation of the Pantanal consists in new
socioeconomic model to compromise environmental protection and land
use, with evaluation of ecosystem services, organic production, as well
as the valorization of the genetic diversity patrimony (Tocantins et al.
2006, Neves 2009).

Conclusion

Our work ratifies the alteration of the vegetation cover in the Brazilian
Pantanal wetland. If the present pattern continues, the natural vegetation of
the Brazilian Pantanal wetland will be mostly lost or modified, in medium
time interval, which could seriously affect its climatic-hydrologic dynamics,
like change the cycles of floods and droughts (flood pulse), the exuberance
of waters and its biological biodiversity.

The contribution of the present work is relevant, beyond the generated
products and the applied methods. The results alerts for the need of
stricter public policies aiming the conservation and the sustainable use
of biodiversity at several administration levels. For being an important
ecological area, our study points out the need for preservation of the
Brazilian Pantanal wetland biodiversity. We highlight the challenge to
transform this biodiversity into opportunity of sustainable development.
Thus, this article offers a distinct picture for analysis of the approaches
for control, land use planning, public policies and conservation practices.
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